Tobacco smoking has been found associated with lower cardiorespiratory fitness in white and black males; however, few studies have not been conducted to clarify such relationship in Asian males. We performed a cross-sectional study to investigate the association between tobacco smoking status and physical fitness in 3,669 military males, averaged 29.4 years of age, from the cardiorespiratory fitness and hospitalization events in armed forces (CHIEF) study in Taiwan during 2014. There were 1,376 current smokers, and the others were noncurrent smokers. The effective sample size estimated was 1,230 participants, as the margin of error was ±3% at the 99% confidence level. Physical fitness was evaluated by time for a 3000-meter run test (aerobic fitness) and repetitive numbers of 2minute sit-ups and 2-minute push-ups (anaerobic fitness) where all procedures were standardized by using computerized scoring systems. A multiple linear analysis adjusting for age, service specialty, body mass index, heart rate, alcohol intake, and training frequency was used to determine the relationship. As compared with noncurrent smoking, current smoking was inversely correlated with longer time for a 3000-meter run (β �15.66 (95% confidence intervals (CI): 10.62, 20.70)) and fewer repetitive numbers of 2minute sit-ups and 2-minute push-ups (β � − 1.53 (95% CI: − 2.08, − 0.97) and − 1.31 (95% CI: − 2.12, − 0.50), respectively). Our finding reconfirms the concept that tobacco smoking might reduce both aerobic and anaerobic fitness among young Asian males.
Introduction
The global prevalence of daily tobacco smoking in 2015 is 25.0% and 5.4% for men and women, respectively [1] . To our best knowledge, the prevalence (20%-66%) of tobacco use in military is a longstanding problem worldwide [2, 3] . In Taiwan, although the prevalence of tobacco smoking among military personnel has been decreasing in the past decades after application of various smoking cessation programs [4] , the prevalence of active smoking in military remained over 30% in 2014. Smoking is associated with cancers, cardiovascular diseases, and respiratory diseases and is the second leading cause for disability and premature death in the world in 2015 [5] . In addition, secondhand tobacco smoke exposure also causes coronary heart disease and the related morality in nonsmokers [6] , which as a whole results in enormous societal cost and public health burden, estimated 422 billion US dollars on global health care expenses attributable to smoking in 2012 [7] .
With regard to cardiorespiratory function, De and Tripathi investigated the effect of smoking on the lung function of sportsmen, showing that current smokers had lower expiratory airflow with a 7-12% reduction of FEV1 (forced expiratory volume in the first second), the ratio of FEV1 to FVC (forced vital capacity), and peak expiratory flow rate compared with nonsmokers [8] . In addition, Eroglu et al. used Doppler myocardial imaging to reveal mild impairment of systolic and diastolic functions of right and left ventricles in healthy young smokers [9] . Furthermore, de Borba et al. reported that nonsmokers had higher maximum oxygen consumption relative to active smokers and passive smokers in asymptomatic adults during a submaximal exertion incremental test on a treadmill, indicating that tobacco smoking may reduce cardiorespiratory fitness [10] . Experimental studies of mice also demonstrated that exposures of smoke might alter specific intestinal microbial growths [11] and result in cardiac contractile function impairment that could be attenuated by some cytokines such as adiponectin through facilitating autophagolysosome formation [12] .
Previous studies have reported that Asian males might have less smoking-related annual excess FEV1 declines, estimated 3 mL per pack years, as compared with other racial males [13, 14] . In a Japanese male cohort, smoking was not associated with maximal oxygen uptake during treadmill exercise as well [15] . It is reasonable that the declines in lung function could lead to poor exercise performance. Although the evidence for an adverse impact of smoking on physical fitness has been confirmed in white and black populations, the relationship remained unclear in Asian males. Therefore, we investigated the association of smoking with aerobic and anaerobic fitness in a large military male cohort in Taiwan to clarify the adverse effect of smoking on fitness in Asian males.
Methods

Study Population.
The retrospective cohort was obtained from the Cardiorespiratory Fitness and Hospitalization Events in Armed Forces (CHIEF) study during 2014 [16] [17] [18] [19] [20] [21] . The design of the study has been described in detail previously [16] . In summary, the present study included overall 4,080 military personnel in Eastern Taiwan, aged 18-50 years, received the annual health examination in the Hualien-Armed Forces General Hospital, and participated in at least one of the three exercise tests for their military rank promotions or awards at the Military Physical Training and Testing Center in 2014. All females (n � 411) were excluded for not being the subjects of interest, leaving a sample of 3,669 males for the analysis, and the flowchart showing the study subjects selection is shown in Figure 1 .
Measurements.
Measurements of height and weight of each participant were performed in a standing position. Body mass index was calculated as body weight (kg) divided by height squared (m 2 ), and waist circumference was assessed at the midpoint between the lowest palpable rib and the top of the iliac crest. Blood pressure and pulse rate of each participant were measured once in a sitting position over the right upper arm by using an automated blood pressure monitor (FT-201, Parama-Tech Co. Ltd., Fukuoka, Japan) after a break for 15 minutes or longer. Systemic arterial hypertension was defined as systolic blood pressure ≥140 mmHg, and/or, diastolic blood pressure ≥90 mmHg, or on antihypertensive therapy according to the guideline of JNC VII [22] .
Smoking Status Assessment.
During the annual health examination, all participants were interviewed with a military physician and self-reported a questionnaire for their tobacco smoking status (current vs. former or never) in the past 10 years. In addition, the status of alcohol consumption (current vs. former or never) and exercise frequency (endurance or resistant exercises performed longer than 30 minutes, times/per week) in leisure times in the past 6 months were also evaluated in the questionnaire.
Physical Fitness Tests.
Anaerobic fitness was separately evaluated by the 2-minute push-up and 2-minute sit-up tests where the stopping point (2 minutes) in brief bursts of exercises was determined by the findings of previous studies [23, 24] . The two procedures were performed on sponge pads and standardized by using computerized scoring systems. The push-up movement was scored when the examinee's back returned to the initial resting set level in a line with head and buttocks, simultaneously detected by using infrared sensors within 2 minutes. However, the push-up test was stopped immediately upon the body going down on the pad before the time ran out. With regard to the 2-minute sit-up test, the examinees were prepared with their feet fixed by the anchor on the floor and both hands close to the ears. It was scored only when their upper trunk bended forward and elbows touched the artificial sensors on both thighs. If the examinees' hands left the ears temporarily, the test would be cancelled immediately by the supervisors. Aerobic fitness was evaluated by the 3000-meter run test. The examinees ran on a flat playground at the Military Physical Training and Testing Center and did not carry any heavy object. The test was performed outdoor at 16:00 PM uniformly if the coefficient obtained from the heat stroke risk formula was <40 (the product of outdoor temperature (°C) and relative humidity (%) × 0.1) and without heavy raining. This study was reviewed and approved by the Institutional Review Board of the Mennonite Christian Hospital (16-05-008) in Taiwan, and written informed consent was obtained from all participants. Table 1 shows the baseline characteristics of the participants. There were 1,376 participants who were current smokers (37.5%), and the other 2,293 participants did not have current smoking. The effective sample size estimated was 1,230 participants as the margin of error was ±3% at the 99% confidence level. The current and noncurrent smokers had similar age, body mass index, and exercise frequency at baseline. However, the current smokers had faster pulse rate and lower diastolic blood pressure and higher prevalence of alcohol intake than the noncurrent smokers. Table 2 reveals that there were significant differences in repetitive numbers of 2minute push-ups and 2-minute sit-ups performed and time for a 3000-meter run between current smokers and noncurrent smokers after stepwise adjusting for the potential covariates in models 1 and 2. In general, current smokers had superior aerobic and anaerobic fitness than nonsmokers.
Results
Baseline Group Characteristics.
Group Mean Comparisons.
Multiple Linear Regression.
The multiple linear regression results of each exercise performance, with current smoking relative to noncurrent smoking, in models 1 and 2 are shown in Table 3 . The relationships between current smoking and each exercise performance are in line with the findings presented in Table 2 . In model 1, current tobacco smoking was significantly correlated with fewer numbers of 2-minute push-ups and 2-minute sit-ups performed (β � − 1.25 and − 1.53, respectively; both p < 0.01) and correlated with longer time for a 3000-meter run (β �14.03; p < 0.0001). In model 2, the associations of current tobacco smoking with numbers of 2-minute push-ups and 2-minute sit-ups performed and time for a 3000-meter run remained significant (β � − 1.31, − 1.53, and 15.66, respectively; all p < 0.01). Table 4 reveals the multiple logistic regression results for the relationship of smoking with the best 10% and the worst 10% performers in each exercise, respectively. After the adjustments in model 1 and model 2, the current smokers had lower possibility as the best 10% performers in the tests of 2-minute push-ups (OR: 0.59 and 0.58, respectively; both p < 0.0001) and 2-minute sit-ups (OR: 0.58 and 0.58, respectively; both p < 0.0001) as compared with the noncurrent smokers. On the other hand, the current smokers had higher possibility to be the worst 10% performers in the tests of 3000-meter run (OR: 1.39 and 1.42, respectively; both p < 0.01) and 2-minute sit-ups (OR: 1.39 and 1.43, respectively; both p < 0.01) when compared with the noncurrent smokers.
Multiple Logistic Regression.
Discussion
Our principal finding was that active tobacco smoking was associated with lower aerobic and anaerobic fitness in a large military Asian cohort of young and middle aged males. Since this was the first study investigating the relationship between the tobacco smoking status and the exercise performances among Asian males, the finding filled the gap for the concept that smoking could reduce physical fitness despite a possible interaction of sex and race/ethnicity on this relationship. Several studies conducted in the Western countries have uncovered the adverse impacts of active smoking on physical fitness, which were evaluated by the posttraining performance or the differences between posttraining and pretraining performance in strength and endurance exercises in the military. An UK study reported that in 165 British officer cadets receiving a 6-month physical training program, both the smokers and nonsmokers improved their fitness but the nonsmokers were less fit when compared with the smokers [25] . Another UK study carried out by Siddall et al. also reported that in 1,182 military subjects, the current smokers had lower muscular (fewer numbers of 2 minute push-ups and sit-ups) and cardiorespiratory endurance performances (longer time for a 2.4 km run) than the nonsmokers at baseline and after a 24-week training program; however, the improvements in both aerobic and anaerobic fitness tended to be larger in the smokers than the nonsmokers [26] . In a Swiss study, among 6,592 army conscripts, daily tobacco consumption and years of tobacco smoking were inversely associated with the distance covered in a 12 min endurance run [27] . In addition, a US study demonstrated that in 3,045 navy personnel, smoking was inversely associated with cardiorespiratory (1.5 mile run) and muscular (sit-ups) endurance after controlling for exercise activity [28] .
The mechanisms for the risk of low physical fitness in smokers have been hypothesized. First, habitual smoking could cause lower gas change efficacy in the muscle and lung. Kobayashi et al. have shown that blood lactate concentrations increased higher in chronic smokers at maximal workload of exercise, indicating a reduction of oxygen extraction because of the carbon monoxide effect [29] . Second, active smoking can damage the vascular endothelium and induce free radicals that influence the respiratory muscle blood supply, reduce the strength of respiratory muscle, and subsequently result in poor lung function [30, 31] . Third, habitual smoking induces inflammation and increases oxidative stress, contributing to vascular thrombosis and cardiovascular dysfunction [32] . Fourth, tobacco smoke and the associated systemic inflammatory mediators promote proteolysis, suppress protein synthesis, and impair oxygen delivery to the mitochondria, which attenuate the ability of mitochondria to generate ATP and lead to reduced muscle mass and skeletal muscle contractile endurance [33] .
There were some strengths in this study. First, there were large numbers of male subjects to provide a sufficient power to detect the difference in the relationship between smoking status and physical fitness. Second, all exercise tests were performed in a strict manner and the processes were standardized. Third, several important covariates have been controlled in the multivariable models to avoid the bias. In addition, many unmeasured confounding factors in military had been strictly controlled at baseline since the daily life in military was unified. On the contrary, there remained some limitations in our study. First, although the tobacco smoking status was classified to be current versus former or never, we could not further analyze the impact of daily dose and the amount of time of smoking on physical fitness. Second, we did not perform lung function test for the participants at baseline, which was a vital mediator for the relationship between current smoking and physical fitness. Third, response bias in self-report measures for the tobacco smoking status might exist because of personal considerations to being good in military. Fourth, we did not have the initial level of physical fitness in each participant before military training at enlist and could not exclude the possibility that current smokers might have a better fitness at baseline. Fifth, there were more prevalence of active alcohol intake among current smokers, and heavy amount of alcohol beverages intake might reduce endurance exercise performance, cardiorespiratory fitness, and cause muscle fatigue [34, 35] , possibly overestimating the adverse impact of tobacco smoking on physical fitness, despite an adjustment for the status of alcohol consumption.
In conclusion, our finding filled the gap of the concept that active smoking might reduce both aerobic and anaerobic fitness among young and middle-aged Asian males as well. Therefore, it is important to implement the policy of smoking cessation strictly in military in order to building fit and healthy armed forces.
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